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Abstract

[ will describe in very general terms how flux
incident on an X-Ray telescope observatory is
transformed into the detected signal via the re-
sponse of the instruments, and then describe the
specific kinds of calibration files we derive from
the response for use in data analysis. This will
include terms from the telescope mirrors, diffrac-
tion gratings, and detectors, as well as their ge-
ometric configuration and relative motions. The
type of calibration objects required depends to
some degree upon the type of analysis to be done
(broadly: imaging, spectral, and temporal), and
upon the data quality. Inferences about physical
source properties are ultimately, and intimately,
tied to the quality and form of calibration data.
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(The rest is just software, organi ation, and analy-
sis.)
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patial Response: X R
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pectral Response, ow Resolution

The spectral response retains spectral information at
the expense of spatial.

(y /) C)0)

for a point source at location for region

() Redistribution atrix unction (or ile),

also known as the a probability.
() uxiliary Response unction (or ile), also
known as the an area times e ciency, or

This includes the detector quantum
e ciency and mirror area.

effective exposure time.
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pectral Response, ispersive

- patial  spectral information is tightly coupled

- Imaging spectral ( ) spatial information are
tightly coupled.

)y ) ) 0)

() rating R, diffraction order | which
describes the line-spread-function () (a redistri-
bution from into spatial bin )

() rating R , for order . This includes
grating e ciencies as well as the mirror s and detec-
tor s.
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Response, Temporal

spectrum, source counts, or image vs time bin.
eed e po ure map or v time,ora uran et att e

mean i appropriate. I ne e ar , inte rate
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Response, patial

The is a complicated redistribution (especially
for X-ray optics ). The R must include the

fraction appropriate to the R region and source
position.

The is generally a function of energy and source
position relative to the optical axis (two vectors):
— ( ).

T e PS i o ten treated empiri a via a ibrar o ob
erved or ra tra ed ima e , and i not ormaied a a

re pon e un tion.
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ractical pplications in ata nalysis

uch analysis can be done with the three basic response
functions:

(spectral response, or effective area low or high
resolution)

(spectral redistribution low or high resolution)
(imaging mode)

ut some cannot, such as ray-trace simulations or ex-
tended source analysis.

uess model parameters
redict observed signal (counts vs channel, or po-
sition)
Repeat, until you minimi e residuals.
2., spectral fitting
r, source spatial model times exposure map.

ivision of counts image by exposure map
ivision of high-resolution spectrum by R
inver ion an be dan erou I norin our e
mode dependen e in map or redi tribution in pe tra an

ead to ina urate u e.

Ray-trace simulations necessarily use calibration
data at the lowest, most detailed level. or instance,
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rays require geometry, and realistic offsets be-
tween filters and detectors. nalysis does not, since

the signal can usually be defined adequately by the
product of e ciencies.
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[ssues Related to alibration ata

The can affect what calibration is appropriate
for a given goal. or example, perhaps the signal
is not large enough to warrant spectral fitting, and
exposure map inversion is adequate for a survey of
faint sources.

n the other hand, perhaps the above survey is large,
and computation of R s is much faster (after which
you can still invert by dividing the integrated R
by the total counts).

owever, little analysis
takes the uncertainty of the calibration into account.
This is indeed di cult because it is typically a sys-
tematic term (e.g., ).  ith high-signal data, the
systematic can dominate residuals.

urthermore, there are always regimes where calibra-
tion is poor ( , O more).

ote: systematics cannot be added in quadrature
to statistical uncertainties. Responses typically have
some rigidity to the function (i.e., means over
some correlation distance within which the function
can only be perturbed in a smooth fashion).
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It may be tempting to add spectra or images, and
also add the responses, in order to have fewer ob-
jects to analy e, and to improve counting statistics.

owever, you may compromise knowledge of system-
atics or calibration quality dependent on spatial or
spectral region. (e.g., you can t as easily ignore the
bad parts in favor of the good.)



GS S 1

urther Reading

T e orma nderpinnin o t e epone un tion
u ed in a Spe tra mna i ,Davi, . ., 2001, p,
, 1010.

rame or ort e Deveopment o Muti Mi ion Sot

are , on .Davi,1 , tronomi a Data na i

Sot areand S tem I ,ed. .Manet, . ei et, and
D. rabtree.



